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ABSTRACT

Chinese tallow [Triadica sebifera (L.) Small] is a highly invasive smallmedium sized tree found across the southeastern United States. A long-term trial
of three different control methods for Chinese tallow: (1) fall application of
herbicide, (2) mastication, and (3) growing season prescribed fire, was conducted
on Parris Island, South Carolina from 2012 through 2019. The goals of this trial
were to reduce Chinese tallow density, reduce overall midstory density, recruit
more oak seedlings (Quercus spp.), and increase native species diversity in the
understory. All treatments successfully reduced Chinese tallow abundance.
These results demonstrate how successful a fall application of herbicide can be at
controlling Chinese tallow.
Mastication and prescribed fire reduced native shrub density. No
treatments were able to recruit oaks or increase native species richness.
Growing season prescribed fire can be used to control deciduous woody
plants. To determine if it could be used to control Chinese tallow, a growing
season prescribed fire was conducted on ten stands at Nemours Plantation in
Beaufort County, South Carolina. Five stands were upland pine plantation, and
five were lowland hardwood. Two of the lowland hardwood stands failed to
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ignite when the fire was applied and were eliminated from the study. In upland
pine stands prescribed fire top-killed all the Chinese tallow, and in lowland
hardwood stands it top-killed half of the Chinese tallow. However, the morality
of Chinese tallow was limited. The success of prescribed fire as a control for
Chinese tallow is dependent on the area burned around Chinese tallow stems. If
there was a high area burned directly surrounding a Chinese tallow stem, then
that individual would be top-killed. Growing season prescribed fire did not
impact native understory coverage and was able to increase the coverage of little
bluestem and partridge pea. This study demonstrates that a growing season
prescribed fire can act as a method of controlling Chinese tallow grow, while
minimally impacting native species.

iii

ACKNOWLEDGMENTS

This work would not be possible without our funders: Marine Corps
Recruit Depot-Parris Island, Nemours Wildlife Foundation, and Clemson
Creative Inquiry. I would like to thank them for funding me and working to
improve the management of Chinese tallow.
I need to say a special thank you to my committee Dr. Geoff Wang, Dr.
Lauren Pile, Dr. William Bridges Jr., and Dr. David Coyle. Thank you for helping
me to learn how to conduct science, write like a scientist, give a good
presentation, responding to many last-minute emails, and helping me to
understand statistics.
I would also like to thank my great field technicians, Creative Inquiry
students, and others who helped gather and enter all of the data need for this
thesis: Trisha Markus, Taylor Skipper, David Jenn, Li Chen, Caroline Myers, Jess
Eidson, Andrew Hall, M. Katie Jordan, and John Sherwood. Thank you for
enduring heat, humidity, rain, and all the other challenges that we faced, while
still doing a great job! I would also like to thank the staff at Nemours Wildlife
Foundation and Parris Island for carrying out the management required in this
project and helping me to troubleshoot all of the issues I ran into.

iv

I could never have gotten to this point without the help, guidance, and
commiseration of Bridget Blood. Thank you for being a great labmate and a
better friend.
Finally, I would like to thank my fiancée Megan Pietruszewski for being
my rock, my editor, and my cheerleader. Without you (and Bella), I could not
have completed this project. You have kept me sane and focused. Also, thank
you for listening to me talk endlessly about trees, birds, bugs, and ecology.

v

TABLE OF CONTENTS
Page
TITLE PAGE ................................................................................................................... i
ABSTRACT .................................................................................................................... ii
ACKNOWLEDGMENTS ............................................................................................ iv
LIST OF TABLES ...........................................................................................................ix
LIST OF FIGURES ......................................................................................................... x
CHAPTER ONE: Introduction .................................................................................... 1
Chinese Tallow and Its Invasion in United States ............................................... 1
Current Management Practices for Controlling Chinese Tallow ...................... 3
Herbicide ............................................................................................................... 4
Mastication ........................................................................................................... 4
Prescribed Fire ...................................................................................................... 5
Cost Estimates of Different Control Treatment.................................................... 6
Objectives of the Study ............................................................................................ 7
Bibliography ............................................................................................................. 9
CHAPTER TWO: The Long-Term Effects of Control Treatments on
Chinese Tallow (Triadica sebiferum) in Parris Island ............................................... 14
Introduction ............................................................................................................14
Methods ................................................................................................................... 18
Site Description ..................................................................................................18
Experimental Design .......................................................................................... 19

vi

Herbicide Treatment in Units without Mastication (H and HF) ...................... 21
Mastication and Herbicide Treatment (MH and MHF) .................................... 21
Prescribed Fire Treatment (HF and MHF) ........................................................ 22
Calculations ........................................................................................................22
Results ...................................................................................................................... 24
Overstory ............................................................................................................24
Midstory Layer ...................................................................................................25
Understory ..........................................................................................................26
Discussion ............................................................................................................... 27
Impact on Chinese Tallow................................................................................... 27
Impact on Native Vegetation .............................................................................. 29
Effects on Oaks....................................................................................................31
Conclusion and Management Implications ....................................................... 32
Chapter Two Tables ............................................................................................... 33
Chapter Two Figures ............................................................................................. 35
Bibliography ...........................................................................................................45
CHAPTER THREE: Controlling Chinese Tallow (Triadica sebifera) with
a Growing Season Prescribed Burn in Coastal South Carolina ............................. 49
Introduction ............................................................................................................49
Methods ................................................................................................................... 52
Site Description ..................................................................................................52
Transect Experimental Design ...........................................................................54
Prescribed Burns .................................................................................................56
Post-Burn Follow-Up ......................................................................................... 58

vii

Field Water Content of Chinese Tallow and Two Native Shrubs ...................... 58
Ash Content of Chinese Tallow and Native Shrubs ........................................... 59
Calculations ........................................................................................................60
Results ...................................................................................................................... 61
The Response of Chinese Tallow to Prescribed Fire............................................ 63
Understory Effects .............................................................................................. 63
Field Water Content and Ash Content ............................................................... 65
Discussion ............................................................................................................... 65
Conclusion and Management Recommendations ............................................ 68
Chapter Three Tables............................................................................................. 69
Chapter Three Figures ........................................................................................... 72
Bibliography ...........................................................................................................76
CHAPTER FOUR: Overall Conclusions ..................................................................79

viii

LIST OF TABLES

Table
2.1

Page
The effect of treatment, year, and their interaction across layer
on all the response variables .......................................................................33

2.2

All categories that were only different among year (p =.05) .................. 34

3.1

The average basal area (m2/ha) of the stands in Nemours,
South Carolina ............................................................................................... 69

3.2

Impact of a growing season prescribed fire on Chinese tallow
in Beaufort County, South Carolina ........................................................... 70

3.3

Average moisture content and average ash content of sweet
gum, wax myrtle, and Chinese tallow on Nemours in South
Carolina ..........................................................................................................71

ix

LIST OF FIGURES

Figure

Page

2.1

Map of Parris Island ..................................................................................... 35

2.2

A visual depiction of one of the permanent plots used in the
experiment on Parris Island, South Carolina ............................................36

2.3

A timeline of the Chinese tallow control experiment at Parris
Island, South Carolina .................................................................................. 37

2.4

Mean native overstory density (stems/ha) on Parris Island
over the course of the Chinese tallow control experiment ..................... 38

2.5

Mean overstory Chinese tallow density (stems/ha) on Parris
Island over the course of this experiment ................................................. 39

2.6

The effect of year and time on the average native midstory
density (stems/ha) on Parris Island ............................................................ 40

2.7

Average midstory Chinese tallow density (stems/ha) in Parris
Island, South Carolina .................................................................................. 41

2.8

All categories that were only different among years ............................... 42

2.9

Mean native understory percent coverage on Parris Island,
South Carolina ............................................................................................... 43

2.10

Mean Chinese tallow regeneration percent coverage on Parris
Island, South Carolina .................................................................................. 44

3.1

Map of Nemours ........................................................................................... 72

3.2

The average fuel loading (MT/Ha) of each stand pre- and postprescribed fire ................................................................................................ 73

x

3.3

The average total understory percent coverage pre- and postprescribed by stand type .............................................................................. 74

3.4

The average species richness pre- and post-prescribed burn ................. 75

xi

CHAPTER ONE:
Introduction

Chinese Tallow and Its Invasion in United States
Chinese tallow [Triadica sebifera syn. Sapium sebiferum (L.) Small] is a
highly invasive small to medium-sized tree that is found across the southeastern
US in a variety of habitats (Donahue et al., 2006; Meyer, 2011; Pile et al., 2017b,
2017a). Native to coastal China (Meyer, 2011), Chinese tallow was initially
introduced into South Carolina to create a soap industry that would utilize
Chinese tallow’s fatty seeds (Bell, 1966). Following the initial introduction, the
U.S. Department of Agriculture’s Office of Foreign Seed and Plant Introduction
spread Chinese tallow across the southeastern US for beekeepers to use as a
source of pollen early in the spring, and Chinese tallow has been heavily used as
an ornamental plant (Meyer 2011, Duncan and Duncan 1988).
Following these introduction events, Chinese tallow remained a relatively
uncommon tree on the landscape until the population greatly expanded
following Hurricane Katrina (Henkel et al. 2016). Recent studies found that
Chinese tallow was the fifth most common tree in Louisiana (Oswalt 2010), and it
accounted for a quarter of all trees in the Houston area (Nowak et al. 2005).
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Chinese tallow is highly invasive and has naturalized in coastal states
within the US from NC to TX. It is a prolific seed producer, reproducing as
young as three years old, and producing up to 100,000 seeds per mature tree
(Pattison and Mack2009, Urbatsch and Skinner 2000). Seeds can be spread by
water and birds (Battaglia et al. 2009, Conway et al. 1999, Conway et al. 2002).
Chinese tallow can outcompete many native plant species in both full shade and
full sunlight. It has a very high salt tolerance and can tolerate flooding longer
than even bald cypress (Chen et al. 2013, Zou et al. 2009). While it was commonly
thought that Chinese tallow could not tolerate freezing and is limited to coastal
areas, that assumption has been rejected (Pattison and Mack 2009). Chinese
tallow has been shown to colonize forests farther inland when propagules are
transported farther inland (Pattison and Mack 2009). Few, if any, herbivores
native to the US consume Chinese tallow, and as a result, Chinese tallow found
in America has shifted energy from herbivory defense to growth (Zou et al. 2007,
Siemann and Rogers 2003). All these factors combine to make Chinese tallow a
threat to a wide variety of habitats over a potentially larger range in the US.
This population expansion has resulted in many negative ecological
consequences. Chinese tallow can reduce arthropod diversity (Hartley et al.
2007). The decomposition of its leaves causes high levels of mortality in the early
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life stages of native amphibians and suppresses fire in invaded forests (Adams,
C. K. and Saenz 2012, Cameron and Spencer 1989). In Texas, Chinese tallow is
taking over coastal prairies, which are home to endangered grassland birds, and
converting them into Chinese tallow forests (Cameron and Spencer 1989,
Donahue et al. 2006, Grace 1998, Pile et al.2016). In addition to invading coastal
prairies, Chinese tallow can invade other habitats like maritime forests and
transform them into Chinese tallow monocultures (Camarillo et al. 2015, Pile et al.
2015, Pile et al. 2017).
Current Management Practices for Controlling Chinese Tallow
Currently, land managers attempt to treat Chinese tallow with herbicide
on an ad-hoc basis (Pile et al. 2017). Unfortunately, this ad-hoc application does
not always result in control. When control efforts fail, Chinese tallow usually
responds with prolific stump sprouting. To successfully control Chinese tallow,
management practices must be based on science. In the southeast US, mastication
and prescribed fire are often applied to forests for objectives other than
controlling Chinese tallow like reducing a dense midstory, increasing the amount
of food available to wildlife, and site preparing for forestry activities. In several
instances, these management practices have been applied to Chinese tallow, but
their effectiveness has not been thoroughly studied.
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Herbicide
Chinese tallow is vulnerable to several herbicides, e.g., glyphosate,
triclopyr, imazamox, and imazapyr (Pile et al. 2017, Conway et al. 1999). These
controls work with varying degrees of success (Conway et al. 1999). To properly
control Chinese tallow, herbicide must be applied at the correct time to increase
the likelihood of mortality.
Conway et al. (1999) showed that the most effective time for the
application of chemical controls on Chinese tallow appears to be in the fall
because Chinese tallow is moving nonstructural carbohydrates (TNC) from the
leaves down to the root system, increasing the likelihood of herbicide transport
to the roots and thus mortality (Conway et al. 1999, Pile et al. 2017).
Unfortunately, there have not been long-term, large-scale field trials of a fall
application of herbicide on Chinese tallow.
Mastication
Mastication is when all of the woody plants in an area are shredded into
the mulch of various sizes using a large machine (Kreye et al. 2014). Mastication
is effective at controlling Chinese tallow in certain situations in the coastal
prairies of Texas, but long-term trials have not been conducted in mature forests
(Donahue et al. 2004, Donahue et al. 2006). To achieve the best success,
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mastication should be timed to destroy Chinese tallow when the majority of its
total TNC are aboveground (Pile, Lauren S. et al. 2017). This timing would help to
reduce the belowground reserves for potential post-treatment resprouting (Pile et
al. 2017). Based on TNC trends, the optimal time is the spring following leaf out
(Donahue et al. 2006, Pile et al. 2017). Not only can mastication destroy
individuals when they are vulnerable, but it can also prevent the germination of
Chinese tallow seeds by forming a dense mulch (Donahue et al.. 2006).
Additionally, mastication may facilitate prescribed fire by reducing a
dense midstory layer (thus fuel drying) and increasing dead fuel loading for
future prescribed fire (Donahue et al. 2006, Kreye et al. 2014, Pile et al. 2017).
Additionally, mastication can be undertaken at almost any time, whereas
prescribed fire is highly dependent on weather, fuel conditions, crew availability,
and many other factors (Donahue et al. 2006, Kreye et al. 2014).
Prescribed Fire
Many ecosystems in the southeastern US are frequent fire-dependent,
meaning fire is a common occurrence, and most species of plants have developed
strategies or adaptations to survive a fire (Abrams 2003). Prescribed fire can
control many, but not all, invasive species across different habitats (Knapp et al.
2009, Mandle et al. 2011, Stocker and Hupp 2008). Some invasive plants that are
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not from frequent fire-adapted ecosystems may decline when they are burned, as
they are maladapted to frequent fire (Richardson and Rejmánek, 2011).
Unfortunately, prescribed fire is not a panacea, as some invasive plant species,
like Japanese climbing fern [Lygodium japonicum (Thunb.) Sw.], can thrive
following a fire (Leichty et al. 2011). As a result, the local ecosystem and the
invasive species that are present should be considered before applying
prescribed fire to an area. Prescribed fire acts to control invasive species by
killing individuals, killing invasive propagules, and creating a more diverse
plant community that is more resistant to invasion (Grace 1998, Mandle et al.
2011). There have been several studies in the southeastern US that prove fire can
act as a control for invasive species (Grace 1998, Pile et al. 2017, Stocker and
Hupp 2008). Managers also use prescribed fire to accomplish other objectives like
creating habitat with more food for wildlife, reducing shrub abundance, and
reducing vegetation competing with commercial species (Masters et al. 1999, Pile
et al. 2017, Stocker and Hupp 2008). Unfortunately, there have been no long- term
trials about the effect of prescribed fire on Chinese tallow.
Cost Estimates of Different Control Treatment
Many different silvicultural treatments can be used to control Chinese
tallow, and they all vary in their cost and efficiency. To ensure that
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recommendations cover all aspects of management, a cost estimate for each
treatment was performed. Costs were based estimates (Austin Phillips, per. com.,
South Carolina Forestry Commission, Nov. 11, 2019), and actual costs will vary
depending on the contract, site, and other factors. Prescribed fire is the cheapest
treatment, with a cost of $21 per acre. Preparation costs are not included in this
cost estimate as this varies widely from site to site. “Hack-and- squirt” herbicide
application costs $115 per acre, and herbicide and prescribed fire cost $136 per
acre. Mastication is more expensive at $285 per acre, and mastication and
herbicide are $400 per acre. Mastication, herbicide, and prescribed fire cost $421
per acre.
Objectives of the Study
This thesis includes two related studies, the Parris Island management
study and the Nemours prescribed fire study. The Parris Island study (Chapter
2) is a reassessment of an experiment that evaluated several Chinese tallow
management techniques (Pile, Lauren Susan 2015) . The Nemours study (Chapter
3) assessed the efficacy of prescribed fire alone on controlling Chinese tallow in
upland and lowland forests.
Pile (2015) on Parris Island examined the short-term effects of various
silvicultural treatments on Chinese tallow and determined that a combination of
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mastication, herbicide, and prescribed fire was the most effective treatment. By
re-examining these study sites, we will determine the longer-term effects of
control treatments on Chinese tallow and the native plant community, especially
the dense shrub layer and native oaks (Quercus spp.).
Prescribed fire was able to control Chinese tallow in coastal prairies, and a
combination of herbicide and prescribed fire was shown to control Chinese
tallow in forests. Unfortunately, no studies have examined the effect of a single
prescribed fire alone on Chinese tallow in forests. Therefore, this study seeks to
determine if prescribed fire alone can control Chinese tallow in the forests of the
southeastern US.
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CHAPTER TWO:
The Long-Term Effects of Control Treatments on Chinese Tallow (Triadica
sebiferum) in Parris Island

Introduction
South Carolina, like the rest of the United States, is impacted by many
invasive plant species. These threats are especially significant as South Carolina
is home to the Congaree National Park, a UNESCO World Heritage Site, and the
timber industry - the number one employer in the state - contributes 21.8 billion
dollars to the state economy (Adams et al. 2019). Invasive species like Chinese
tallow, Japanese climbing fern [Lygodium japonicum (Thunb.) SW.], kudzu
[Pueraria montana (Lour.) Merr.], and cogongrass [Imperata cylindrical (L.) P.
Beauv.] represents a serious threat to these and other important natural
resources, and there is an urgent need for effective control methods.
Prior to European settlement, maritime forest likely dominated Parris
Island [a United States Marine Corps Recruit Depot (MCRD-PI) hereafter
referred to as ‘Parris Island’]. While data are scarce, it is believed that the
overstory of a maritime forest was a mix of live oak (Quercus virginiana Mill.),
slash pine (Pinus elliottii Engelm.), and loblolly pine (Pinus taeda L.)(Conner et al.
2005). The climax ecosystem for these forests is believed to be pure live oak
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forests (Conner et al. 2005). Parris Island has been inhabited by Europeans since
the mid-1500s, and it has experienced a number of large anthropogenic changes,
including the near-total removal of the native maritime forest (Pile et al. 2017b).
This land-use history has likely resulted in many native plants being extirpated,
as they were unable to persist after land clearing, agricultural use, and fire
suppression (Brudvig and Damschen 2011). Native plants were also replaced
with non- native/invasive plants like Chinese tallow, lantana (Lantana camara L.),
and chinaberry (Melia azedarach L.). Land managers on Parris Island are bound
by several executive memorandums and orders, which direct managers to
control invasive species, restore native habitats, and protect endangered and
threatened species (Dalsimer et al. 2017).
Consequently, a research-based management project was initiated in 2010
to promote native overstory species, reduce the abundant shrub-layer from
recent fire suppression that interferes with military training, increase ground
flora abundance and diversity, through an integrated management practice to
control Chinese tallow abundance at Parris Island (Pile 2015).
Several studies have helped to develop successful management practices
for Chinese tallow, which include: mastication, herbicide, prescribed fire, and a
combination of these treatments (Donahue et al. 2006, Grace 1998, Pile et al.
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2017a). Both mastication and prescribed fire alone has been shown to effectively
control Chinese tallow, despite stump-sprouting, in the coastal prairies of Texas
(Grace 1998, Donahue et al. 2004, Donahue et al. 2006). A combination of
mastication, herbicide, and prescribed fire was able to successfully control
Chinese tallow populations on Parris Island (Pile et al. 2017a). However, this
study was only able to follow the effects of these treatments for two years posttreatment. Indeed, most similar studies rarely follow treatment effects beyond
three years, and there is an urgent need to evaluate the long-term efficacy of
invasive species management practices (Kettenring and Adams 2011).
The objective of this study is to assess the long-term effects of Chinese
tallow control treatments by evaluating post-treatment changes in Chinese tallow
density, overall plant species richness, oak density (an indicator of maritime
forest restoration), and the shrub community. The objective was accomplished by
resampling the original study of Pile (2015), which applied four treatments: 1)
herbicide, 2) mastication and herbicide, 3) herbicide and prescribed fire, and 4)
mastication, herbicide, and prescribed fire. By identifying the treatment that
controls Chinese tallow and has a positive impact on native plants, forest
managers can apply the treatment to achieve the ultimate goal of restoring Parris
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Island to its native maritime forest and to provide favorable conditions for active
military training.
Objective 1: Determine what treatment/treatments are best able to reduce Chinese
tallow density
H0: There will be no differences among treatments at controlling Chinese
tallow compared to any other treatment
Ha: More silvicultural treatments will result in higher levels of control
Objective 2: Determine the best treatment/treatments to restore a diverse plant
community, as measured by increasing species richness
H0: There will be no differences among treatments at increasing species
richness
Ha: Reintroducing prescribed fire will result in a higher level of species
richness, as fire- dependent species will return.
Objective 3: Determine the best treatment/treatments that increase oak density to
restore native maritime forests
H0: There will be no differences among treatments
Ha: Mastication and prescribed fire free up resources in the midstory and
the understory allowing oaks to regenerate
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Objective 4: Determine what treatment/treatments will reduce the dense midstory
on Parris Island
H0: There will be no differences among treatments
Ha: Mastication will greatly reduce the midstory density
Methods
Site Description
This study took place on Parris Island (32.3287° N, 80.6948° W; Figure 2.1)
in Beaufort County, South Carolina. Parris Island has a subtropical climate, with
hot summers, mild winters, and occasional hurricanes and tropical storms (SC
DNR 2020). In 2018, the monthly average temperature ranged from 4.4 Co in
January to 39.4 Co was in August (SC DNR 2020). Soils are well-drained sandy or
fine sand. The soil series include Sewee sand, Wahee fine sandy loam, Tomotley
loamy fine sand, Murad fine sand, and Coosaw loamy fine sand (NRCS 2019).
Parris Island was dominated by maritime forests until most of the native
forests were cleared by human activities. The overstory is now dominated by late
rotation plantation slash pine. In the remnant maritime forests, the overstory is
dominated by live oak, water oak (Quercus nigra L.), cherrybark oak (Quercus
pagoda Raf.) with a minor component of sweetgum (Liquidambar styraciflua L.),
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and Darlington oak (Quercus hemisphaerica W. Bartram ex Willd.). The midstory is
dominated by southern wax myrtle (Morella cerifera (L.) Small), yaupon holly (Ilex
vomitoria Aiton), and slash pine. The herbaceous layer is dominated by northern
dewberry (Rubus flagellaris Willd.), poison ivy [Toxicodendron radicans (L.)
Kuntze], Virginia creeper [Parthenocissus quinquefolia (L.) Planch.], and catbriar
(Smilax glauca Walter). Chinese tallow and lantana (Lantana camara L.) are the
most abundant invasive species on Parris Island.
Experimental Design
This study expands on Pile et al. (2017a), which began in 2012. The study
was conducted using a randomized complete block design (Figure 2.1). Initially,
eight blocks were selected, but two blocks were eliminated following Hurricane
Matthew damage in September 2016. All selected blocks had a high abundance
of Chinese tallow and were not being actively used for Marine training. Blocks
were divided into four experimental units, each of which randomly received one
of four treatments: herbicide (H), mastication and herbicide (MH), herbicide and
prescribed fire (HF), and mastication, herbicide, and prescribed fire (MHF).
Herbicide alone was designated as the control, as the forests of Parris Island had
been previously treated with herbicide. Experimental units ranged in size from
0.5-2 hectares in size (Pile 2015).

19

A 20 by 40m permanent plot was randomly placed in each experimental
unit.
Each 20 by 40m plot was subdivided into eight 10 by 10m plots (Figure
2.2). All overstory stems [woody stems greater than 3cm at diameter at breast
height (DBH) and over 1.4m tall] inside the plots were identified to species and
tagged, DBH was measured, life status (i.e., dead or alive) recorded, and any
damage was noted (e.g., a top broken off). Stems were considered dead if they
had no live leaves and no live buds. All midstory individuals (woody stems
<3cm at DBH and taller than 1.4m) inside of four randomly selected subplots
were identified to species, life status noted, and DBH measured (Figure 2.2). A 1
by 1m quadrat was placed at the center of each of the eight subplots to measure
the cover class (Figure 2.2). All plants less than 1.4m tall were identified to
species and cover was estimated using Braun-Blanquet’s cover class (>0.1%, 01%, 1-2%, 2-5%, 5-10%, 10-25%, 25-50%, 50-75%, 75%-95%, 95%+) (BraunBlanquet 1965). For analyses, the mid-point for each class was determined (e.g.,
0-1 became 0.5). Pre-treatment data were collected in 2012. Data on masticated
plots were collected in 2013, but that data were not used due to it being a partial
survey. Post- treatment data were collected in 2014, 2015 (post-fire), 2016, 2017,
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2018, and 2019. In 2017, only overstory data were collected. A full timeline of the
experiment is available in Figure 2.3.
Herbicide Treatment in Units without Mastication (H and HF)
Triclopyr is an effective active ingredient for controlling Chinese tallow
(Conway et al. 1999). We applied Garlon® 4 Ultra (active ingredient: triclopyr;
Corteva AgriSciences, Indianapolis, IN) (2.5% v/v) with water as a carrier to the
H and HF treatments in September of 2013. Chinese tallow stems that were less
than 15cm at DBH received a 25% Garlon® 4 Ultra and basal oil [a generic
methylated seed oil (MSO)] to the base of the tree (i.e., the bottom 30- 40cm of the
stem including the root collar).
Chinese tallow stems that were larger than 15cm at DBH received a “hackand-squirt” application of 25% Garlon® 4 Ultra and basal oil [a generic
methylated seed oil (MSO)].
Mastication and Herbicide Treatment (MH and MHF)
A Caterpillar (Caterpillar, Inc., Deerfield, IL) skid steer with a Caterpillar
HM315 masticator attachment carried out the mastication in May 2013.
Mastication took place on the MH and MHF. Mastication took place in May to
destroy Chinese tallow when most of its nutrients were aboveground and
vulnerable (Conway et al. 1999). The operator was instructed to avoid native
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overstory species, midstory oaks, and minimize soil disruption. Due to
limitations of the masticator, Chinese tallow stems larger than 15cm DBH were
felled by hand and logs were left on the ground. In September 2013, all Chinese
tallow regeneration was treated with a foliar application of Garlon® 4 Ultra
(2.5% v/v) with water as a carrier.
Prescribed Fire Treatment (HF and MHF)
Growing season burns were conducted on HF and MHF treatments
following leaf out in May 2015. Burns was ignited with strip head fires that were
9 meters apart. Unfortunately, the spring of 2015 was a wet year resulting in
cooler than desired burns (Pile et al. 2017a).
Calculations
For ease of analysis, all native species in the same plot, same size-class,
and same year were combined into a “native” category. To determine the impact
on oak species, all Quercus spp. were combined into an “oaks” category. Nonnative species were not considered in species richness calculations.
Overstory native density (stem/ha), overstory Chinese tallow density
(stem/ha), overstory oaks density (stem/ha), midstory native density (stem/ha),
midstory Chinese tallow density (stem/ha), native midstory species richness, and
Chinese tallow regeneration coverage data violated normality or variation
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assumptions. These data were all log-transformed for analysis. Overstory and
understory species richness did not violate these assumptions and were not
transformed. All data were back- transformed for interpretation. A standard least
squares model was used to predict the impacts of treatment. For the model, the
independent effects were treatment, year, and the interaction of treatment × year;
and the random effects were block, the interaction of block × treatment, plot, and
the interaction of block × plot. Tukey’s HSD test was performed to analyze
differences. Tukey’s HSD test was selected, as it is more robust when comparing
multiple variables.
Native understory herbaceous coverage and oak regeneration coverage
were fit with a gamma distribution, while midstory oak density (stems/ha) was
fitted with a normal distribution. Native understory herbaceous coverage, oak
regeneration coverage, and sapling-sized oak density were tested using a
generalized linear mixed model using means. Block, the interaction of block ×
treatment, and the interaction of survey year × treatment were set as random
variables. The independent variables were survey year and treatment. The
response variable was density. JMP 14.1.0 (SAS Institute Inc., Cary, NC, 19892019) was used for all calculations.
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Results
Overstory
Native overstory density was highest in 2012 and declined in years
following treatment in 2013 (p = 0.005; Figure 2.4; Table 2.2). It reached a low in
2017, likely because of Hurricane Matthew, a hurricane category 5, which hit
Parris Island in September 2016. In 2018 and 2019, native overstory density
recovered to pre-hurricane levels (Figure 2.4; Table 2.2). There were no
differences among treatments (p = 0.10) or the year × treatment interaction (p =
0.09; Table 2.1). Species richness was not affected by overstory species richness
by year (p = 0.95), treatment (p = 0.80), or their interaction (p = 0.62; Table 2.1).
Chinese tallow overstory density (stems/ha) did not differ among
treatments (p = 0.17) but differed among year and year × treatment (p < 0.001, p =
0.003; Figure 2.5). Chinese tallow density fell following treatment in 2013, and it
remained low for the remainder of the experiment (Figure 2.5). The interaction
indicates that differences among treatments depended on year (Figure 2.5). For
example, in 2014 and 2015, MH and MHF had a lower density of Chinese tallow
compared to H and HF, but in 2017, 2018, and 2019 these differences disappeared
(Figure 2.5). In fact, in 2019, MH had the highest density of Chinese tallow.
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Overstory oak populations fluctuated over the course of this experiment,
but there was no discernible trend in oak density. Year (p = 0.48), treatment (p =
0.29), and the year × treatment interaction (p = 0.22) do not have any effects on
overstory oak density.
Midstory Layer
Chinese tallow density was reduced following treatment and remained
low (Figure 2.7; Table 2.2). Midstory Chinese tallow density was only different
among year (p < 0.001; Figure 2.7; Table 2.2). There were no significant
differences among treatments (p = 0.77) or the interaction of year × treatment (p =
0.38).
Native density was highest in 2012 and fell sharply following treatment in
2013 and remained reduced (Figure 2.6). Midstory native density (stems/ha) was
impacted by year (p < 0.001), treatment (p = 0.010), and the year × treatment
interaction (p = 0.001; Figure 2.6). Herbicide alone had the highest native
midstory density (Figure 2.6).
Broadcast treatments like prescribed fire and mastication impacted the
entire layer and had resulted in lower native midstory density compared to H,
which was a treatment targeted only at Chinese tallow (Figure 2.6). HF and H
had a higher midstory density compared to MH and MHF in 2014 because MH

25

and MHF were masticated in 2013 (Figure 2.6). In 2015 and 2019, H had a
significantly higher native midstory density compared to all other treatments
(Figure 2.6). Native oak sapling density was not affected by year (p = 0.06) or
treatment (p = 0.32).
Midstory species richness varied among years (p = 0.001) and the year ×
treatment interaction (p = 0.03; Figure 2.8). Species richness fell following all
treatments (Figure 2.8). This indicates that when midstory density was
significantly reduced, several midstory species were incidental eliminated
(Figure 2.8). The interaction indicates differences among treatments depended on
year. For example, MH and MHF had a lower species richness compared H in
2014, 2015, and 2018, likely because mastication took place in 2013. Herbicide
alone, which never had a broadcast treatment, had higher species richness in
2015 and 2018 compared to MH, MHF, and HF. There were no differences among
treatments (p = 0.38; Figure 2.8).
Understory
Regeneration of Chinese tallow was only impacted by year (p = 0.001;
Figure 2.10; Table 2.2). Chinese tallow regeneration coverage fell following each
treatment and was near zero in 2018 and 2019. In 2019, only 3 Chinese tallow
seedlings were found in all the quadrats. There were no differences among
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treatments (p = 0.92) or the year × treatment interaction (p = 0.11) on understory
Chinese tallow coverage. Oak regeneration coverage was not impacted by
treatment (p = 0.47) or year (p = 0.33; Table 2.1).
The native understory coverage was impacted by year (p = 0.02; Figure 2.9;
Table 2.2). Native understory coverage was reduced in 2014, and it never
recovered to pre- treatment levels (Figure 2.9; Table 2.2). There were no
differences among treatments
(p = 0.17). Species richness was not impacted by treatment (p = 0.80) or
year (p = 0.83; Table 2.1).
Discussion
Impact on Chinese Tallow
Overall, treatments reduced Chinese tallow density of all sizes, and
density remained low across all treatments, despite some variation among
treatments in certain years. Treatments in addition to herbicide (mastication,
prescribed fire, or their combination) did not result in consistent levels of
additional control. This suggests additional treatments are not necessary,
especially considering the cost of implementation. Mastication, for example, cost
an additional $285 per acre but did not result in additional Chinese tallow
control.
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These results differed from Pile et al. ( 2017a), which found that the
treatment combination MHF was the best treatment at controlling Chinese
tallow. This was true in the short term (2014 and 2015), but over time (2017-2019),
H and HF resulted in similar levels of control. Additionally, we did not find that
mastication increased Chinese tallow regeneration, as found by Pile et al. ( 2017a).
This is likely because mastication created more stump sprouting, but the stump
sprouts observed by Pile et al. (2017a) died out by the end of this study.
Furthermore, that study had two additional blocks which were not considered in
this study.
Controlling Chinese tallow can be difficult, as it is a prolific seed
producer, and the seeds are viable for 5-7 years in the seed bank (Urbatsch and
Skinner 2000). However, Chinese tallow populations have remained low on
Parris Island and are trending downwards despite no additional treatments since
2013. This may be because Chinese tallow was unable to reinvade from the seed
bank. Additionally, the stands may have had a high biotic resistance, which the
treatments help to maintain, which allowed them to resist Chinese tallow
invasion from nearby stands and the seed bank. While this result is desired, it
was somewhat unexpected as Chinese tallow reinvasion following control efforts
has been documented (Grace, 1998). The fragmented forests of Parris Island may
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have reduced the invasion rate Chinese tallow propagules, so the results of this
study may be more difficult to achieve in more contiguous forests (Figure 2.1).
Additionally, the small size of the stands on Parris Island may allow the
treatments to be more thoroughly applied.
Impact on Native Vegetation
No significant differences in native overstory density or richness were
found among the treatments. Time was a significant factor, and this was likely
because of Hurricane Matthew, which heavily damaged the densely packed slash
pine.
Broadcast treatments (e.g., prescribed fire and mastication) had a less
dense midstory compared to H. This is not a surprise, as herbicide was only
applied to Chinese tallow. Both mastication and prescribed fire resulted in
similar levels of control. Mastication is more expensive than prescribed fire.
Prescribed fire has a number of other benefits such as improving conditions for
certain plant species, increasing overstory growth, and improving the value of a
stand for wildlife (Brudvig and Damschen 2011, Buckner and Landers 1979,
Masters et al. 1999). However, not all forests are suitable for prescribed fire,
especially in lowland stands. Therefore, the most effective and sensible treatment
depends on land managers and stand/site conditions.
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Broadcast treatments resulted in a reduction in the midstory species
richness. This is likely a result of the large-scale reduction of native shrub
density. As the shrub layer was reduced, several species were eliminated like
eastern red cedar (Juniperus virginiana L.) and several hickory species (Carya spp.)
which were rare prior to treatment. The lack of response in both overstory and
understory species richness may be driven by several factors: forest
fragmentation, land-use/anthropogenic effects, and fire suppression. Forest
fragmentation reduces plant biodiversity, as edge effects are increased plants
that cannot tolerate edge are extirpated (Honnay et al. 2005). Fragment forests are
more likely to impacted by local stochastic effects that can result in extirpation
and make re-colonizing forests more difficult (Daniels et al. 2018, Honnay et al.
2005, Brys et al. 2002). Over the past 400 years, Parris Island has experienced
land- clearance and intense cotton farming (Anonymous 2019), activities which
likely resulted in the extirpation of plant species and decimated the native seed
bank (Brudvig and Damschen, 2011). Fire was also suppressed during this time,
which represents a stark departure from the native fire regime, and likely
resulted in the loss of fire-dependent plant species (Mitchell et al. 2006, Van Lear
et al. 2005, Waldrop et al. 1992). Our results show the treatments did not affect the
current species richness. The plant community on Parris Island has been shaped
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by land use history over the past 400 years. Given its unique geographic setting
(an island), planting or seeding in native plants will be required to increase
species richness.
Effects on Oaks
No treatment or year had a significant impact on oak populations of all
sizes, which fluctuated with no apparent trends. Relatively few mature oaks
remain in Parris Island forests since they were cleared in the 1940s and replanted
with slash pine. The few mature oaks remaining in the overstory produce a
limited number of acorns. These relatively few acorns face several challenges,
including intense seed-predation (Ditgen et al. 2007, Pekins and Mautz 1987) and
a dense overstory that reduces the amount of light available for the growth of
oak seedlings (Wang et al. 2005). White-tailed deer (Odocoileus virginianus
Zimmerman) densities on Parris Island are high (225-229 per km2; John
Holloway, unpublished data). Deer exploit both acorns and oak leaves, as oaks
are one of the few good sources of food in the nutrient-poor forests of Parris
Island (Pile et al. 2015). Fox squirrels (Sciurus niger L.) were reintroduced in 2017
and are likely consuming a large number of acorns (Ditgen et al. 2007), further
impeding oak regeneration. The dense slash pine plantation makes it challenging
for any acorns that survive to find a gap under the full canopy to survive.
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Recruiting oaks on Parris Island will require targeted oak planting, overstory
thinning to improve conditions allow increased light to the forest floor and
reducing the deer population.
Conclusion and Management Implications
A fall herbicide application of triclopyr provides a high level of control of
Chinese tallow of all sizes. While mastication and prescribed fire provide a
reduction in the native midstory, they do not result in additional control of
Chinese tallow. None of these treatments were able to increase native overstory
or understory richness. No treatment was able to increase oak density.
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Chapter Two Tables

Table 2.1. The effect of treatment, year, and their interaction across layer on all
the response variables. Bold font represents differences calculated using ANOVA
tests with a confidence level of 0.05.

Layer

Overstory

Midstory

Understory

Category

Treatment
(p-value)

Year
(p-value)

Interaction
(p-value)

Native density

0.160

0.005

0.092

Chinese Tallow density

0.170

<.001

0.003

Species Richness

0.800

0.95

0.620

Oak density

0.290

0.48

0.220

Native density

0.010

<.001

0.001

Chinese Tallow density

0.770

<.001

0.380

Species Richness

0.380

0.001

0.030

Oak density

0.320

0.060

*

Native Coverage

0.170

0.020

*

Chinese Tallow Coverage

0.920

<0.001

0.110

Species Richness

0.800

0.810

0.830

Oak Coverage

0.470

0.330

*

* Native understory coverage, native mid-story oak density, and oak coverage
were not tested due to missing data.
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Table 2.2. All categories that were only different among year (p =.05). Letters
represent differences calculated using Tukey’s test with a confidence level of
0.05. Data were back-transformed.
Category

2012

2014

2015

2017

2018

2019

Native Overstory Density
(Stems/Ha)

1,521.70A

1,239.50B

1,207.80B

1,042.90 B

1,233.50B

1,104.70B

Mid-story Chinese Tallow
Density
(Stems/Ha)

1,232.30A

155.20 B

171.60B

*

208.30B

136.50B

Native Understory Coverage (%)

63.40A

40.80B

44.20B

*

43.30B

37.00B

Understory Chinese Tallow
Coverage (%)

2.00A

1.70A

1.20 A

*

0.20B

0.30B

* No data were collected on understory coverage or mid-story density in 2017.
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Chapter Two Figures

Figure 2.1. Map of Parris Island.
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Figure 2.2. A visual depiction of one of the permanent plots used in the
experiment on Parris Island, South Carolina. Gray plots represent the randomly
selected midstory plots.
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Figure 2.3. A timeline of the Chinese tallow control experiment at Parris Island,
South Carolina.
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Figure 2.4. Mean native overstory density (stems/ha) on Parris Island over the
course of the Chinese tallow control experiment. Letters represent differences
calculated using Tukey’s test with a confidence level of 0.05. Data were backtransformed. Error bars are constructed using one standard error from the mean.

38

A

A
A
A
A

A

A
A

AA
BB

A

B

AA

AABA

B

B

B

A

A

AB
AB
B

A A

B

B
A

B

Figure 2.5. Mean overstory Chinese tallow density (stems/ha) on Parris Island
over the course of this experiment. Different letters denote differences between
year as calculated using Tukey’s test with a 0.05 confidence level. The letters
above bars indicate interaction effect, letters by year indicate the effect of year,
and letters by data labels indicate the treatment effect. Error bars are constructed
using one standard error from the mean. Data were back-transformed.

39

AB

A
AB
B
A
B

A

A

A
A

AB

A
B

AB

A

A

A
B

AB

AB
B

B

B
B

B

B

B
A

B

B

B

Figure 2.6. The effect of year and time on the average native midstory density
(stems/ha) on Parris Island. The letters by year represent the difference between
years, and the letters by treatment represent differences between treatments.
Different letters denote differences between years as calculated using Tukey’s
test with a 0.05 confidence level. The letters above bars indicate interaction effect,
letters by year indicate the effect of year, and letters by data labels indicate the
treatment effect. Error bars are constructed using one standard error from the
mean. Data were back-transformed.
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Figure 2.7. Average midstory Chinese tallow density (stems/ha) in Parris Island,
South Carolina. Year was the only significant factor in predicting Chinese tallow
density. Different letters denote differences between years as calculated using
Tukey’s test with a 0.05 confidence level. Data were back-transformed. Error bars
are constructed using one standard error from the mean.
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Figure 2.8 All categories that were only different among years. Different letters
denote differences between years as calculated using Tukey’s test with a 0.05
confidence level. The letters above bars indicate interaction effect, letters by year
indicate the effect of year, and letters by data labels indicate the treatment effect.
Data were back- transformed. Error bars are constructed using one standard
error from the mean.
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Figure 2.9. Mean native understory percent coverage on Parris Island, South
Carolina. Different letters denote differences between years as calculated using
Tukey’s test with a 0.05 confidence level. Error bars are constructed using one
standard error from the mean. Data were back-transformed.
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Figure 2.10. Mean Chinese tallow regeneration percent coverage on Parris Island,
South Carolina. Different letters denote differences between years as calculated
using Tukey’s test with a 0.05 confidence level. Data were back-transformed.
Error bars are constructed using one standard error from the mean.
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CHAPTER THREE:
Controlling Chinese Tallow (Triadica sebifera) with a Growing Season Prescribed
Burn in Coastal South Carolina
Introduction
Prescribed fire is a commonly used management practice in the
southeastern US. Many of the native ecosystems are fire-adapted for frequent
surface fires, so the use of prescribed fire can provide several benefits (Van Lear
et al. 2005). Forest managers often use prescribed fire to prepare sites for future
forestry activities, to increase the amount of forage for wildlife in forests, and to
remove invasive species (Grace 1998, Knapp et al. 2009, Masters et al. 1999, Wang
et al. 2005). In addition to being an effective tool, prescribed fire can be a
relatively cost-effective management tool, at the cost of only $21 an acre (Austin
Phillips, per. com., South Carolina Forestry Commission, Nov. 11, 2019).
Prescribed fire can be an effective control for invasive species, assuming
that invasive species are not fire-adapted, and the natives are fire-adapted.
Prescribed fire works as a control by killing individuals, destroying propagules,
and making a more diverse native community (Knapp et al. 2009, Lesica and
Martin 2003). Prescribed fire is also a fast and relatively easy method to treat
large areas of forest. In a single day, a small group can easily burn 40 acres of
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forest, which is much faster than if that group tried to conduct a “hack-andsquirt” or “cut stump” herbicide treatment.
Prescribed fire has been found to be an effective treatment for reducing
Chinese tallow density (Grace 1998, Pile et al. 2017). When a Chinese tallow stem
is burned, it is top-killed, and the resulting stump sprouts tend to die in the
following year (Grace 1998). This phenomenon was documented in a coastal
prairie in Texas, and this pattern may not hold true in a forest. Pile et al. (2017)
found that when a prescribed fire was paired with herbicide application, Chinese
tallow was controlled. Unfortunately, in this study included herbicide prior to
the prescribed fire treatment, making it difficult to fully understand the effect of
prescribed fire on Chinese tallow.
This study seeks to determine (1) if a single growing season burn without
herbicide application can reduce the density of Chinese tallow, (2) if there is a
size threshold of Chinese tallow that can survive prescribed fire, and (3) if
prescribed fire is an effective tool for controlling Chinese tallow in lowland
hardwood forests.
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Objective 1: Determine if a single growing season burn can reduce Chinese tallow
abundance.
Ho: A single growing season burn will not reduce Chinese tallow density
following prescribed fire.
Ha: A single growing season burn will reduce Chinese tallow density
following prescribed fire.
Objective 2: Determining if there is a size of Chinese tallow that can survive a
growing season prescribed burn.
Ho: There will be no differences in Chinese tallow survival based on size
following a growing season prescribed burn.
Ha: There will be differences in Chinese tallow survival based on size
following a growing season prescribed burn.
Objective 3: Determining if a growing season prescribed burn can be used to
control Chinese tallow in lowland hardwood stands.
Ho: There will be no difference in mortality or top-kill between lowland
hardwood and upland pine stands following a growing season
prescribed burn.
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Ha: There will be a difference in mortality or top-kill between lowland
hardwood, and upland pine stands following a growing season
prescribed burn.
Objective 4: Determine the effects of growing season prescribed fire on the native
plant community.
Ho: Prescribed fire will not have an effect on the native plant community.
Ha: Prescribed fire will cause changes in the native plant community, as
fire-adapted species increase and non-fire adapted species decline.
Methods
Site Description
This study took place on Nemours Plantation Wildlife Foundation
(hereafter referred to as ‘Nemours’) located in Beaufort Country, South Carolina
(32.642633, -80.686657; Figure 3.1). It was at the confluence of the Ashepoo River,
Combahee River, and Edisto River, which forms the ACE Basin. Nemours was
founded in 1995 by Eugene DuPont III as a center for wildlife research and
conservation. Prior to the establishment of the wildlife foundation, Nemours was
a hunting reserve and rice plantation. It is approximately 9,500 acres in size, and
it encompassed a large variety of ecosystems, including fresh and brackish water
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marshes, upland pine forests, and lowland hardwood forests. The forests of
Nemours were managed for wildlife and to provide revenue to support research
done on the property.
Nemours has a subtropical climate with hot summers, mild winters, and
occasional hurricanes (South Carolina State Climatology Office, 2020). Over the
course of this study, Nemours recorded the lowest average monthly temperature
of 4.4 C°, which occurred in January (NOAA 2019). It had a high of 39.4 C° in
August (NOAA 2019). Soils on Nemours were well-drained, mainly loamy
sands, and fine loamy sands like Argent fine sandy loam, Argent clay loam,
Bladen fine sandy loam, and Nemours fine sand (NRCS 2019).
The pine forests consisted of mature loblolly pine plantation (Pinus taeda
L.; Table 3.1). In the lowland hardwood forests (Table 3.1), the overstory is
dominated by water oak (Quercus nigra L.), cherrybark oak (Quercus pagoda Raf.),
pignut hickory [Carya glabra (Mill.) Sweet] with a minor component of sweetgum
(Liquidambar styraciflua L.), spruce pine (Pinus glabra Walter), and live oak
(Quercus virginiana Small). The native shrub layer was dominated by southern
wax myrtle [Morella cerifera (L.) Small] and yaupon holly (Ilex vomitoria Aiton).
The herbaceous layer was dominated by poison ivy [Toxicodendron radicans (L.)
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Kuntze], Virginia creeper [Parthenocissus quinquefolia (L.) Planch.], catbriar
(Smilax glauca Walter), and dwarf palmetto [Sabal minor (Jacq.) Pers.].
Switch cane [Arundinaria gigantea (Walter) Muhl.], was found only in the
hardwood sites, which were had moist soil and were mesic. The most common
invasive terrestrial plants were Chinese tallow [Triadica sebifera (L.) Small] and
Japanese climbing fern [Lygodium japonicum (Thunb.) Sw.].
Transect Experimental Design
Initially, the experiment began as a randomized complete block with five
pine blocks and five hardwood blocks (Figure 3.1). However, two hardwood
blocks were eliminated when they failed to ignite during prescribed burn
operations. Four 50-meter transects were placed within each block. Transects
were separated by 10 meters, and edges were buffered by 10 meters. Transects
were orientated parallel in a random cardinal direction in each block and were
established prior to the implementation of prescribed fire.
All living Chinese tallow stems found within 5 meters of the right side of
each transect were tagged with aluminum tree tags and placed in one the
following categories: seedling (0-1.4m tall), sapling (> 1.4m tall and 0-3cm DBH),
tree (> 1.4m tall and > 3cm at DBH), and stump sprout. The following
measurements were taken on all tagged Chinese tallow: ground line diameter
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(GLD), total height, diameter at breast height (DBH) if applicable, live crown
ratio, and a qualitative measure of tree vigor: good (> 75% of the canopy was
alive and there were no wounds or scars on the stem) moderate (75-50% of the
canopy is alive, or the stem was moderately scared/wounded), poor (<50% of the
canopy was alive, or the stem was had large scars/wounds).
A “before” photo was taken at the beginning of each transect. To
determine overstory conditions, prism plots using a 10-factor were conducted at
meters 0, 15, 30, and 45 along each transect. Each “in” tree (a woody stem that
was 3cm or greater at DBH) was identified to species, and DBH was measured.
To quantify the impact of burns on the ground flora, a 1×1m quadrat was placed
at 5m, 15m, 25m, 30m, and 45m along each transects to record all plants less than
1.4m tall to species and coverage was taken using Braun-Blanquet’s cover class
(>0.1%, 0-1%, 1-2%, 2-5%, 5-10%, 10-25%, 25-50%, 50-75%, 75%-95%, 95%+)
(Braun-Blanquet 1965).
Three of the four transects were randomly assigned to receive Brown’s (
1974) plantar intercept to measure fuel loading. One-hour fuels (woody fuel with
a diameter of 0-0.64cm), and ten-hour fuels (woody fuel with a diameter of
0.64cm-2.34cm) were measured for the first 1.82m. One hundred-hour fuels
(woody fuel with a diameter 2.34- 7.62cm) were recorded for the first 3.66m. One
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thousand-hour fuels (woody fuel with a diameter of 7.62cm+) were recorded for
the entire transect, and when found, the species and decay class were recorded.
The height of down dead woody material, depth of litter and duff were recorded
at 3.66m, 7.62, and 12.19m. Brown’s (1974) were carried out on the transect, at the
following markers: 0 m, 12.5m, 25m, and 37.5m along each randomly assigned
transect. Brown’s (1974) were carried out both prior to and after prescribed fires
on the same transects and the same location to quantify fuel loading and
consumption.
Prescribed Burns
Growing season prescribed burns were applied to all blocks. Pine stands
1, 2, and 3, and hardwood stands 1 and 2 were burned on March 17, 2019 (Figure
3.1). The average air temperature was 14.4 Co, the average humidity was 20%,
and the average wind speed was 7.4 kmph (NOAA 2019). Due to weather events,
burns on hardwood stands 3 and 4, and pine stands 4 and 5 were delayed until
May 23, 2019 (Figure 3.1).
The average air temperature on May 23 was 27.8 C°, the average humidity
was 43%, and the average wind speed was 9.5 kmph (NOAA 2019). All burns
were carried out using strip head fires and ring fires.

56

Within a week of each burn, all Chinese tallow stems were assessed for
damage using the following measurements: char height (the height of charring
on the stem), crown scorch percent (the percent of the canopy that was scorch),
percent crown volume consumed (the percent of the canopy that was consumed
by fire), and remaining percent of crown volume (the percent of the canopy
remaining live). All measurements were performed on the main stem. A 1×1m
quadrat was centered on the base of each tagged tree to determine the
consumption of each fire. Inside of the quadrat, the percent cover of bare mineral
soil, unburned area, and burned area was measured using the Braun-Blanquet’s
cover class (>0.1%, 0-1%, 1-2%, 2-5%, 5-10%, 10-25%, 25-50%, 50-75%, 75%-95%,
95%+) (Braun-Blanquet 1965). Any tagged Chinese tallow that was not re-located
post-burning was removed from the study. This was done to not inflate mortality
results, as a “lost” stem could have either been totally consumed or not relocated.
Vegetation 1×1m quadrats were performed at the same locations as the pre-fire
vegetation quadrats to determine the effect of the prescribed fire on the
vegetative cover. An “after” photo was taken at the same location as the pretreatment photo.
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Post-Burn Follow-Up
Four months after the prescribed burns, sprouting (number of sprouts and
sprout height on the main stem), ground line diameter (GLD), total height, DBH
(for individuals greater than 1.4m tall), live crown ratio, and a qualitative
measure of tree vigor (as described above) were measured. Cover plots were
again carried, and a “follow-up” photo was taken at the start of each transect.
Field Water Content of Chinese Tallow and Two Native Shrubs
Following the prescribed fire, Chinese tallow appeared to char less than
some native midstory species (e.g., wax myrtle and sweetgum). To test if Chinese
tallow had traits that made it less flammable, the field water content and ash
content of Chinese tallow and two native midstory species (wax myrtle and
sweetgum) were compared. A total of 50 stems per species were harvested from
three separate stands adjacent to the stands used in the prescribed fire
experiments. Ten stems per size class were collected. The sizes classes were: 1)
>1.4m tall, 2) 0.5-1.5cm DBH, 3) 1.5-2.5cm DBH, 4) 2.5-3.5cm DBH, and 5) 3.5-4cm
DBH. If there were multiple stems, only the main stem was collected. Total
height, GLD, DBH, and vigor of all harvested stems were measured. Following
harvest, sections from the following lengths of the stem were sampled: 0-5cm, 510cm, 30-35cm, and 60-65cm. All stem sections were labeled and in a sealed
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plastic bag. Stem sections were kept cool and weighed within 48 hours of
harvesting. Measurements of weight were conducted on a microbalance that was
accurate to the tenth of a milligram. After being weighed, stems were dried at
60⁰C for 48 hours when they reached a constant mass. Following drying, stem
samples were weighed again, and percent moisture content was calculated.
Percent moisture content was calculated from the formula
( )
Where u was percent moisture content, D was dried weight, and W was
wet weight.
Ash Content of Chinese Tallow and Native Shrubs
The 5-10cm section of each stem collected from the moisture content
experiment was sliced into small sections (to fit into the grinder) and ground.
Ground stems were stored in individual plastic zipper sealed bags. Up to 2
grams of the ground stem were placed in crucibles of a known weight. If a stem
section did not weigh two grams, the entire ground sample was used. After
weighing, crucibles were placed in an oven, which was then heated to 350 ⁰C.
Samples spent two hours in the oven to ensure they had combusted entirely.
After two hours, crucibles were moved from the oven to cool. When cool,
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crucibles were re-weighed. All weighing took place on the same microbalance
that was accurate to the tenth of a milligram.
Calculations
To determine the effect of fire severity on Chinese tallow a nominal
logistic model was used. The log of percent of the burned area, log of percent of
the unburned area, log of percent of bare mineral soil, stand with treatment
nested, and transect with stand and treatment nested were set as model effects.
Mortality and top-kill were set as the response variable. Percent of burned area,
percent of unburned area, and percent of bare mineral soil were log transformed.
To determine the effect of Chinese tallow morphology, nominal logistic
models were used. The log of GLD, log of height, log of DBH, log of live canopy
ratio, stand with transected nested, and transect with stand and treatment nested
were set as model effects. Mortality and top-kill were set as the response
variable. GLD, height, and DBH had to be log-transformed as they violated
normality.
To model the effects of prescribed fire on understory vegetation, a
standard least square model was used. Transect number and plot number were
nested in with stand number as an effect. The response variables were survey
time (pre/post burn), stand type, and the interaction of survey time × stand type.
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Moisture content and ash content were log-transformed and modeled
using standard least squares. Diameter class was set as a random variable, and
species was set the effect.
Results
Prescribed burns were successfully conducted and effective at reducing
fuel loading in all stands regardless of stand type (Figure 3.2). The burns in the
pine stands were more successful compared to burns in the lowland hardwood
stand, as there was no fuel remaining in pine stands, and there was fuel
remaining in the hardwood stands (Figure 3.2). Lowland hardwood stands had a
lower median percent area burned compared to pine stands (Table 3.2).
There were several important differences between the stand types prior to
the burns. The hardwood stands tended to have less Chinese tallow (Table 3.2).
On average, there were 119 Chinese tallow stems tagged in a pine stand,
compared to just 16 in a lowland hardwood stand. The Chinese tallow in the
hardwood stand was also smaller compared to that in the pine stands. The
average Chinese tallow in the pine stand was 1.72±0.08 m tall, whereas the
average Chinese tallow in the hardwood stand was only 0.78±0.17 m tall. This
may have resulted in different prescribed fire impacts.
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In both stand types, the prescribed fire was an effective control for
Chinese tallow, as it top-killed most individuals (84.00%; Table3.2). However,
overall mortality was low (9.00%; Table 3.2.). Pine stands averaged 100% Chinese
tallow top-killed - only one stem out 597 total individuals was not top-killed
(Table 3.2). On average, mortality was low (8.34%), indicated by a lack of stumpsprouting or leaf production, and most survived the burns (91.66%; Table 3.2).
The top-killed individuals produced an average of 4 stump-sprouts (Table 3.2).
Survival was determined based on the four-month follow-up.
Lowland hardwood stands did not burn as thoroughly as the pine stands
(Table 3.2, Figure 3.2), and the consumption of the burns was more variable.
Some transects had high levels of fuel consumed, and others were almost totally
unburned. On average, 52.00% of Chinese tallow were top-killed by prescribed
fire, and 48.00% of Chinese tallow were not top-killed (Table 3.2) in lowland
hardwood stands. Most (89.00%) of Chinese tallow survived the burns, indicated
by stump-sprouting, and 11.00% were killed (Table 3.2). Individual Chinese
tallow produced on averaged three stump-sprouts per root collar in the lowland
hardwood stands.
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The Response of Chinese Tallow to Prescribed Fire
The area burned around a Chinese tallow stem was variable that
predicted top- kill (p < 0.001; Figure 3.4); bare mineral soil coverage and
unburned coverage were not significant predictors of top-killed Chinese tallow
(p = 0.39, p = 0.70). With the exception of two individuals (one in each stand type),
all Chinese tallow that had a burned percent coverage ≥ 37.5% were top-killed
(Figure 3.4). Both individuals that survived high levels of area burned were
behind large logs, which may have provided refuge from the effects of the
prescribed burn. Morphology (GLD, life crown ration, and DBH; p = 0.11, p =
0.48, p = 0.78) and fire effects (percent burned, percent unburned, and bare
mineral soil; p = .85, p = 0.07, p = 0.36) did not predict mortality.
Chinese tallow appears to burn poorly, as the median char height was
only 10 cm despite prescribed fires consuming most of the available fuel (Figure
3.2) and favorable weather. Based on field observations, Chinese tallow appeared
to have a lower char height compared to the native midstory (wax myrtle and
sweetgum).
Understory Effects
In general, lowland hardwood stands had a higher total percentage
understory cover compared to pine stands (p < 0.001; Figure 3.3). Neither time of
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survey (pre/post burn; p = 0.27; Figure 3.3) nor the survey × stand type interaction
(p = 0.06) impacted the understory. Lowland hardwood stands had dense
coverage of switch cane, which was not present in pine stands. Lowland
hardwood stands also had regeneration from various oaks and hickories, which
were rare in pine stands. Pine stands did have loblolly pine regeneration was
absent in the lowland hardwood stands.
Species richness declined following prescribed fire (p < 0.001; Figure 3.4)
but it was not affected by stand type or the stand type × survey time interaction
(p = 0.26, p = 0.12). While most of the native vegetation was not impacted by the
burns some species like black gum (Nyssa sylvatica Marshall), coastal bedstraw
(Galium hispidulum Michx.), common persimmon (Diospyros virginiana L.), and
saw greenbriar (Smilax bona- nox L.) were greatly reduced or entirely eliminated
following prescribed burns. Some species like little bluestem (Schizachyrium
scoparium Michx.) and partridge-pea (Chamaecrista fasciculate Michx.) prospered
following the burns (p < 0.001; p < 0.001). This could increase potential forage for
game animals (e.g., turkey and deer) in stands. In pine stands, wax myrtle and
sweetgum regeneration were not impacted by prescribed fire (p = 0.79, p = 0.84).
In the lowland hardwood stands, wax myrtle was eliminated, and sweetgum
was unaffected (p <.001, p = 0.62). Japanese climbing fern was documented in
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only one pine stand, and its abundance in that stand did not appear to be
impacted by prescribed fire. Following the prescribed fire, Japanese climbing
fern was detected in a second pine stand, but only within a single plot.
Field Water Content and Ash Content
Wax myrtle had lower ash content and moisture content compared to
sweetgum and Chinese tallow (Table 3.3). Chinese tallow and sweetgum have
very similar ash content and moisture.
Discussion
Growing season prescribed fire was able to top-kill Chinese tallow in both
stand types, which is consistent with the results of Grace et al. (1998). However,
the prescribed fire resulted in limited (11%) Chinese tallow mortality. Pine stands
had higher levels of top-kill compared to lowland hardwood stands, but
mortality was similar. For a prescribed fire to top-kill Chinese tallow, individuals
needed to be exposed to the fire.
The fire did not need to be intense, as evidenced by the bare mineral soil
not being a meaningful predictor of top-killing or mortality. The surviving stems
stump sprouted aggressively and grew almost half a meter within four months
after sprouting. If burns are repeated, it is possible that Chinese tallow stump-
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sprouts would be eventually controlled, as repeated top-killing can lead to
permanent mortality in other woody plant species (Knapp et al. 2009). Therefore,
additional studies are required to determine the number and frequency of
prescribed burns required to control Chinese tallow.
Conducting prescribed fires in lowland hardwood forests was more
difficult compared to burning in upland pine stands. Two of the five stands
failed to burn despite a considerable amount of effort, and the stands that did
burn averaged a lower percent burned compared to pine stands. No pine stand
failed to burn, and there was a very little unburned area in the pine stands. This
discrepancy in fire effects may be due to differences in the fuel bed. Live oak
made up roughly 10% of the overstory in lowland hardwood stands, and its litter
is difficult to ignite and burns at a lower temperature compared to pine needles
(Ellair and Platt 2013). Additionally, lowland hardwood stands likely had higher
soil moisture, as demonstrated by a large amount of switch cane, an indicator of
high soil moisture, in the hardwood stands (Percy 1999). Switch cane was not
found in the pine stands.
An interesting interaction was noticed: individual Chinese tallow would
have little to no charring, but all the leaves were dead in the first follow-up
sampling, and the original stem was dead in the second follow-up sampling. It
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appears that the above- ground portion of Chinese tallow can be readily killed by
prescribed fire (when they are exposed to it), but the fire was less than lethal to
the organism as the majority of stems stump-sprouted. No root-suckers were
observed in this study.
While Chinese tallow and sweetgum appear to have similar levels of
flammability based on ash content and moisture content (Dimitrakopoulos et al.
2013), field observations of their responses to the prescribed fire did not support
this. It was observed that Chinese tallow stems tended to have very low char
height compared to native midstory species like sweetgum and wax myrtle. The
cause of these differences could not be explained by our data. This observation
clashes with other work, which found that Chinese tallow wood had a low
ignition temperature in lab experiments (Tiller 2015). However, that study was
performed in vitro, stem sections were dried, ground, and then burned in a
crucible, as opposed to this study, which was in vivo with alive and intact
Chinese tallow (Tiller 2015). There is a waxy substance that can be found on both
its bark and the leaves of Chinese tallow. This material may have some fireretardant properties, which requires further study.
The effect of prescribed fire on understory plants was minimal to slightly
positive. Total percent coverage was unaffected by the prescribed burns, but
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species richness was reduced. Little bluestem and partridge-pea, important food
sources for wildlife, flourished following the prescribed fire (Masters et al. 1999).
Both are pioneer species and known to do well following fire (Buckner and
Landers 1979, Masters et al. 1999). Japanese climbing fern is known to benefit
from fire (Leichty et al. 2011), which this study was able to confirm. Not only was
Japanese climbing fern coverage not impact, but it was able to do this by
climbing woody plants that had been killed by burns.
Conclusion and Management Recommendations
A single growing season prescribed fire can reliably top-kill Chinese
tallow, but mortality of Chinese tallow is limited. To kill Chinese tallow, multiple
burning or additional treatments (e.g., A fall application of herbicide) are
required (see Chapter 2). Prescribed fire can successfully control Chinese tallow
in upland pines and lowland hardwood forests, but it can be difficult to conduct
prescribed fire in lowland hardwood forests.
Japanese climbing fern can survive prescribed fire, and it can act as a
ladder fuel (Leichty et al. 2011). Therefore, when possible, avoid burning
Japanese climbing fern. To control Japanese climbing fern, glyphosate is required
(Bohn et al.2011), and physical removal may be necessary.
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Chapter Three Tables

Table 3.1. The average basal area (m2/ha) of the stands in Nemours, South Carolina.
Type
(P/H)

Stand
#

Black
gum

Cherrybark
oak

Green
ash

Live
oak

Loblolly
pine

Mockernut
hickory

Shagbark
hickory

Southern
magnolia

Southern
red oak

Spruce
pine

Sweetgum

White
oak

Water
oak

Total

Pine

1

0.00

0.00

0.00

0.00

15.78

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.78

Pine

2

0.00

0.00

0.00

0.00

21.38

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

21.38

Pine

3

0.00

0.00

0.00

0.00

24.75

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.77

25.51

Pine

4

0.00

0.00

0.00

0.00

16.79

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

16.79

Pine

5

0.00

0.00

0.00

0.00

22.96

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

22.96

Hardwood

1

0.43

0.86

0.00

0.00

0.14

9.47

0.00

0.14

0.43

0.29

0.29

2.44

0.29

14.78

Hardwood

2

0.00

3.01

0.00

1.29

0.00

1.00

0.00

0.00

0.00

0.00

0.14

3.30

3.59

12.34

Hardwood

3

0.77

2.30

0.88

2.52

0.00

1.76

0.00

0.00

0.00

0.00

0.88

1.87

0.00

10.97

Hardwood

4

3.01

1.77

0.00

2.66

0.00

1.95

0.18

0.00

1.42

0.00

0.00

4.08

2.66

17.73

Hardwood

5

0.00

4.29

0.82

1.65

0.00

0.82

0.00

0.00

0.16

0.82

0.16

1.65

6.10

16.50
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Table 3.2. Impact of a growing season prescribed fire on Chinese tallow in Beaufort County, South Carolina. 597
Chinese tallow were sampled in pine stands, and 46 Chinese tallow in the hardwood stands. In pine stands, 67
stems were not found upon resurvey, and 19 stems were not found upon resurvey in lowland hardwood stands.
The verage DBH of stump sprouts was only calculated using stems that reached/exceeded DBH.

Average
DBH of
Stump
Sprouts
(mm)

Average Median of
GLD
Height
Chinese
Tallow
Pre- Burn Pre- Burn
(mm)
(m)

Stand Type

Stand

n

Chinese
Tallow
TopKill (%)

Pine

1

24

100.00

13.60

3.00

127.00

7.00

17.00

2.00

97.50

0.50

2.5

Pine

2

33

100.00

3.00

3.00

116.00

6.00

19.00

1.60

97.50

0.50

1.5

Pine

3

34

100.00

11.70

4.00

104.50

1.00

15.00

1.50

97.50

1.00

5

Pine

4

253

100.00

7.10

5.00

53.00

5.60

19.05

1.80

97.50

0.00

2.5

Pine

5

253

99.60

6.30

5.00

51.00

4.95

17.90

1.70

97.50

0.00

2.5

Pine
Subtotal

5

597

99.92

8.34

4.00

90.3

4.91

17.59

1.72

97.50

0.50

2.5

Hardwood

1

1

0

0.00

0.00

0.00

0.00

0.00

0.56

0.00

100.00

0

Hardwood

2

12

100.00

8.00

3.00

58.00

0.00

7.50

1.05

62.50

37.50

2.5

Hardwood

5

34

74.00

24.00

3.00

38.47

0.00

9.00

0.50

37.50

62.50

0

Hardwood
Subtotal

3

47

58.00

10.67

2.00

32.16

5.50

0.70

37.50

62.50

0

Total

8

644

84.2

9.21

3.25

68.50

13.056

1.34

97.50

0.75

2.5

Average
Mortality
(%)

Average
Number
of Stump
Sprouts

Average
Height of
Tallest
Stump
Sprout
(cm)

0.00
3.07

Median
Burned*
(%)

Median
Median
Unburned* Bare Soil*
(%)
(%)

*Gathered within one week of prescribed fire using 1x1m quadrant centered on each tagged individual. Coverage was estimated using Braun-Blanquet’s cover class.
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Table 3.3. Average field moisture content and ash content of sweetgum, wax myrtle, and Chinese tallow on
Nemours in South Carolina. Field moisture content is the weight of water in the stem compared to the weight of
wood. There was high variability in the 60-65cm category. Different letters represent different levels of fuel loading
as determined by Tukey’s HSD test.

Species

Field Moisture
Content (%) 0-5 cm

Field Moisture
Content (%) 5-10 cm

Field Moisture
Content (%)
30-35 cm

Field Moisture
Content (%) at
60-65 cm

Ash Content (%)

Wax myrtle

87.90%A

91.20%A

97.20%B

100.40%A

1.40%A

Sweetgum

101.00%B

101.50% B

103.70% A

110.70%B

2.20%B

Chinese tallow

107.60% B

101.80% B

99.40% AB

99.10%AB

2.40%B
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Chapter Three Figures

Figure 3.1. Map of Nemours
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A

A

B

B

Figure 3.2. The average fuel loading (MT/Ha) of each stand pre- and postprescribed fire. Different letters represent different levels of fuel loading as
determined by Tukey’s HSD test. Error bars are based on standard error.
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A
A
B
B

Figure 3.3. The average total understory percent coverage pre- and postprescribed by stand type. While there were some changes in total coverage four
months following the prescribed fire, there was no significant change. The pine
stands had a lower mean total coverage compared to the hardwood stands.
Different letters denote differences between years as calculated using Tukey’s
test with a 0.05 confidence level. Data were back-transformed. Error bars are
constructed using one standard error.
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A
B

Figure 3.4. The average species richness pre- and post-prescribed burn. Different
letters represent different levels of fuel loading as determined by Student t-test.
Error bars are constructed using one standard error.
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CHAPTER FOUR:
Overall Conclusions

Chinese tallow is readily killed with a fall application of herbicide. A
growing season prescribed fire is a cheaper alternative to herbicide application,
but it will mainly top-kill Chinese tallow and not produce high levels of
mortality. Avoid burning in areas that have Japanese climbing fern or be
prepared to control them using other means. To control dense shrub-layer
requires broadcast forms of control like mastication or prescribed fire.
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